The substrate shape speciˆcity of the Escherichia coli ribonuclease P (RNase P) ribozyme depends on the concentration of magnesium ion. At 10 mM or more, it can cleave a hairpin substrate as well as a cloverleaf pre-transfer RNA (tRNA). The results showed, however, that the holo enzyme cleaved the hairpin substrate at low concentrations of magnesium ion. Considering that the homologous E. coli tRNAs are resistant to internal cleavage by the RNase P, the phenomena suggest that this catalytic activity might take part in the removing the mis-folded RNAs in the cell.
The ribonuclease P (RNase P) is a ribonucleoprotein enzyme to produce the mature 5?-end of a tRNA molecule by cleaving the 5?-leader region from a tRNA precursor.
1) The RNA subunit of the bacterial enzyme can have the RNase P activity without the protein component as a ribozyme.
2) The roles of the protein component are thought to be additional ones, to counteract the surface charge of the ribozyme, and to make contact with the 5?-leader region of the tRNA precursor.
3) The presence of the protein component is not essential, and the presence of the protein component tends to reduce the substrate speciˆcity of the ribozyme. 4, 5) But the biological meaning of the protein component is still unclear.
Recently, we reported that the E. coli RNase P ribozyme has magnesium ion concentration dependence for the substrate shape preference. 6) Magnesium ion takes part in forming the active center of the ribozyme as well as the catalysis. [7] [8] [9] [10] The E. coli ribozyme can cleave a canonical cloverleaf tRNA precursor at 2 mM or more in vitro. At a 10 mM or more magnesium ion concentration, the ribozyme can also cleave a hairpin RNA with a CCA-3? tag sequence as well as a cloverleaf pre-tRNA.
6) The increasing concentration of magnesium ion enables the ribozyme to accept the hairpin RNA and to cleave it. The same tendency is also observed with the B. subtilis ribozyme, 4, 11, 12) and that suggests to us the substrate shape dependency on the concentration of magnesium ion is a common feature of bacterial ribozymes. In both cases, the critical concentration of the substrate shape recognition of the ribozyme is around 10 mM, much higher than the in vivo concentration.
Here, we have a question: is the substrate shape dependence of the RNase P holo enzyme dependent on the metal ion? So, we prepared the E. coli holo enzyme and examined the hairpin substrate cleavage. The results are shown in Fig. 1 .
E. coli RNase P RNA and RNA substrates were prepared by in vitro transcription with Thermo T7 RNA polymerase (TOYOBO) as described previously. 4) The RNA substrates were labeled at the 5?-end by [g-32 P]ATP with polynucleotide kinase. The protein component of E. coli RNase P was puriˆed from an extract of the E. coli BL21(DE3) cells harboring a pET3a-derived plasmid encoding the gene for this protein.
13) The E. coli holo enzyme was prepared by adding the protein component to the ribozyme equivalently as described previously.
4) The reaction mixture was incubated at 379 C for one hour, and products were separated on 20z PAGE. 6) The ribozyme reactions were done at 5-40 mM magnesium ion concentration, and the holo enzyme reactions were done at 1.5-5 mM. The pre-tRNA substrate was cleaved by the ribozyme and the holo enzyme at every concentration examined. The hairpin RNA was cleaved by the ribozyme at 10 mM or more, while it was cleaved at 1.5 mM and more by the holo enzyme. Interestingly, the holo enzyme showed no substrate shape preference at the concentrations examined: the hairpin was cleaved even at 1.5 mM. Additionally, the holo enzyme reactions were done at 0.5 and 1.0 mM magnesium ion concentrations, the results showing that the no cleavage of either RNA was observed at 0.5 mM, while the cleaved products Drosophila pre-tRNA val (A; left ) and a hairpin RNA derived from it (A; right ) were used as substrates. The E. coli RNase P ribozyme and holo enzyme were examined. The RNase P reactions by the ribozyme were done at 5-40 mM magnesium ion concentrations (B, left ; 0.78 mM E. coli RNase P RNA, 320 nM pre-tRNA or 25 nM hairpin RNA, 5-40 mM MgCl 2 , 100 mM NH 4 Cl, 5z[w W v] polyethylene glycol, 50 mM Tris-HCl; pH 8.0; in 10 ml scale reaction).`OH -' and`T1' represent the partially alkaline hydrolyzed size marker, and the nuclease T1 partially hydrolyzed size marker, respectively.`Cntl' represents the control reaction in the absence of the enzyme but in the presence of 40 mM magnesium ion. The reaction by the holo enzyme were done at 0-5 mM magnesium ion concentration (B, right ; 0.72 mM E. coli RNase P RNA, 0.78 mM E. coli RNase P protein, 90 nM pre-tRNA or 20 nM hairpin RNA, 0-5 mM MgCl 2 , 100 mM NH 4 Cl, 5z[w W v] polyethylene glycol, 50 mM Tris-HCl; pH 8.0; in 20 ml scale reaction).
of both RNA substrates were observed at 1.0 mM (data not shown).
These data showed that the protein component of the E. coli RNase P eliminates the substrate shape preference of the ribozyme. As the presence of the protein component in the holo enzyme lowers the enzyme's the substrate speciˆcity, this feature of the RNase P might take part in the quality control of the tRNA molecules in the cell. Considering that the cloverleaf structure of some mature tRNA molecules are not always stable, [14] [15] [16] we think this activity may take part in removing mis-folded tRNA and other CCA-tagged RNA molecules.
